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© A process for the production of mono-olefins by the catalytic oxidative dehydrogenation of 
^ gaseous paraffinic hydrocarbons having two or more carbon atoms. 

2® A process for preparing mono-olefins by catalytic oxidative dehydrogenation of eg ethane, propane or 
Sbutanes is provided. The process employs a catalyst which is capable of supporting combustion beyond the 
-^normal fuel rich limit of flammability. Preferred catalysts are platinum group metals supported on a monolith eg 
(tf) platinum. 
CO 



Ul 



Xerox Copy Centra 



EP 0 332 289 A2 



A PROCESS FOB THE PRODUCTION OF MONO-OLEFIMS BY THE CATALYTIC OXIDATIVE DEHYDRO- 
GEMATION OF GASEOUS PARAFFINIC HYDROCARBONS HAVING TWO OR MORE CARBON ATOMS 

The present invention relates in general to the production of mono^lefins by the catalytic oxidative 
dehydrogenaUon of gaseous paraffinic hydrocarbons having 2 or more carbon atoms and in particular to the 
production of mono-olefins by the catalytic oxidative dehydrogenation of ethane propane and butanes. 
The prior art on the oxidative conversion of gaseous paraffins to mono-olefins can be broadly dmded 
I into two groups, depending on the temperatures employed. At low temperatures, typica^y tj^w SWa 
oxidative dehydrogenation is generally a genuinely catalytic process. This is exemplified by US-A-45242^ 
and EP-A-0189282 In the process of US-A-4524236 ethane/oxygen mixtures are passed over catalysts 
comprising mixed oxides of molybdenum, vanadium, niobium and antimony (optionally incorporating a wide 
range of additional metals). Reaction takes place at temperatures in the range from 350 to 400 C to give 
high selectivities to ethylene (i.e. 70% selectivity to ethylene at 75% ethane conversion). These catalysts 
produce only carbon oxides from higher paraffins. EP-A-0189282 discloses the use of a tn/phosphorus 
oxide catalyst in the production of mono-olefins from ethane, propane or butane .n admixture with oxygen. 
Although reaction temperatures in the range 200 to TOO* C are disclosed, the working embodiment uses a 

^^'^^Atm^^Z^Sur^. for example temperatures greater than SOO'C. it is unlikely that reaction is 
entirely heterogeneous. At such temperatures thermal cracking and gas phase oxidations are like y to 
assume increasing importance. An example of prior art relevant to the Wgh temperature ^ ^artion .s US-^^^ 
3541179 which discloses passing a paraffinic gas through an externally heated fluid bed of fire resistaiit 
particles containing from 0.5 to 20% wt of at least one of the metals '»PP«'•^'"f9anese or vanadium An 
20 oxygen-containing gas is injected into the fluid bed. The reaction temperature is from 650 to 900 C and the 
proS is at leasl partially autothermal. At a molar ratio of C^H.:Q^ of 2.6:1 and about 840 C about 90% of 

the ethane feed is converted to ethylene. .. ^ „„ wi„h 

There are also a number of processes that do not involve catalysts at all. These are genuine high 
temperature autothermal cracking reactions and are exemplified by. for example f ^te enttted 
Autothermal Cracking for Ethylene Production" by aM. Deanesly in Pefrol. Refiner . 29 (September. 1950). 
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217and QB-A-794.157. . . ^ . 

A desirable objective would be to convert ethane, propane or butanes in a single step to mono^)lefins. 
Recently the production of olefins together with carbon monoxide and hydrogen from gaseous 
paraffinic hydrocarbons, including ethane, by partial oxidation in spouted or fluid bed reactors has been 
30 disclosed in. for example, our copending applications EP-A-0164864 and EP-A-0178853. 

The present invention provides a process for the production of a mono-olefin from a gaseous paraffinic 
hydrocarbon having at least two carbon atoms or a mixture thereof which process compnses partially 
combusting a mixture of the hydrocart)on(s) and a molecular oxygen-containing gas in contact with a 
catalyst capable of supporting combustion beyond the normal fuel rich limit of flammability. 
•35 As ttie gaseous paraffinic hydrocarbon there may suitably be used either ethane, propane or a butane, 
or a mixture of two or more thereof. A suitable feedstock hydrocarbon is a mixture of gaseous paraffinic 
hydrocarbons, principally comprising ethane resulting from the separation of methane from natural gas. 
As the molecular oxygen<ontaining gas there may suitably be used either oxygen or air. it is prefen^d 

to use oxygeHfoptionally diluted with an inert gas. for example nitrogen. It is preferred to pre-mix ttie 

40 oxygen-containing gas and tiie paraffinic hydrocarbon prior to contact with the catalyst Additionally, other 
feed components may be included if so desired to optimise process design. Examples of ottier suitable 
feed components include methane, hydrogen, carbon monoxide, cartjon di0)dde and water. 

The preferred composition of «ie gaseous paraffinic hydrocarbon/molecular oxygen-containmg gas 
mixture is from 5.0 to 9.0 times ttie stoichiometric ratio of hydrocarijon to oxygen for complete combustion 
to carbon dioxide and water, but tiiese limits are extendible if desired. Typically, commereial reactors would 
be operated at pressures of approximately 1-5 bar above atinospheric. 

A catalyst capable of supporting combustion beyond tiie nonmai fuel rich limit of flammability is 
employed. Suitable catalysts comprise supported platinum group metals and mixtures thereof, for example 
supported platinum or palladium. Altiiough a range of support materials may be used, it is preferred to use 
50 an alumina as the support. The support material may be in the form of spheres or other gran"<ar shapes, 
but is preferably in ttie form of a monolitii. Monolitiis are continuous multichannel ceramic structures, 
frequentiy of a honeycomb appearance. They are commercially available as similar materials are comrnonly 
used as catelytic converters in automobile exhausts. A preferred form of alumina-supported platinum 
ratalyst is platinum/gamma-alumina spheres. A more preferred fomi of supported platinum catalyst is a 



45 



2 



EP 0 332 289 A2 



platinum/monolith, for example a platinum/cordierite or mullite monolith. Cordierite has a material composi- 
tion of 2 Mg0.2Al203.5SI02 whilst mullite has a material composition of 3AI2O3 2Si02. The catalyst may 
suitably be prepared by impregnating the support with a solution of a soluble compound of the platinum 
group metal. Using a monolith catalyst, this may suitably be achieved by soaking the monolith In a solution 

5 of a soluble compound, for example a salt, of the metal, removing the monolith from the solution and 
drying, typically at about 120* C. Using the simple soal<ing method it is difficult to achieve high, i.e. greater 
than about 0.15% metal loadings. Although such a metal loading is adequate for the performance of the 
invention, in certain circumstances higher loadings may be desirable. A higher loading may be achieved by 
wash coating the monolith prior to immersion in the solution of the catalytic metal compound with a 

70 material, for example alumina, capable of facilitating the retention of the metal compound. A combustion 
catalyst In the form of a metallic gauze such as Pt/Rh may also be employed. 

The catalyst in the form of spheres may be used as a solids recirculating bed, for example a fluid bed 
or a spouted bed. 

A process for producing synthesis gas. i.e. carbon monoxide/hydrogen mixtures, from a reaction 

75 mixture comprising a saturated hydrocarbon and an oxygen-containing gas in a spouted bed, the bed 
comprising material which is catalytlcally active for steam reforming reactions, is described in our 
copending EP-A-01 64864. The process described in EP-A-01 64864. which is incorporated by reference 
herein, may be modified by the use of a catalyst capable of supporting combustion beyond the normal fuel 
rich limit of flammability. for example a supported platinum group metal(s) as hereinbefore described, 

20 Instead of the steam reforming catalyst and the conditions modified in accordance with the process of the 
present invention to produce a mono-olefin as me principal product of the process. In a prefen-ed 
embodiment of the modified process of EP-A-01 64864, hydrogen is co-fed to the process as described in 
our copending EP-A-01 78853 which is also incorporated by reference herein. 

It is preferred to use the catalyst in a fixed bed. One reason for this preference is that it largely avoids 

25 the attrition problems generally encountered in moving bed operations. In the context of fixed bed operation 
it is further preferred to use a monolith catalyst. Monolith catalysts are preferred over other forms of fixed 
bed catalyst because (1) they are capable of sustaining a very low pressure drop along the bed. thereby 
allowing large gas throughputs. (2) they present a high surface area to the gaseous combustion mixture. (3) 
they are particularly free from attrition problems, (4) they can result in very low levels of soot formation and 

30 as a result require less frequent de-coking and (5) they are available in various cell sizes and shapes and 
their preparation by the soaking technique Is relatively simple. 

The elevated temperature employed in the process of the invention may suitably be In the range from 
500 to 1200' C, though temperatures in the upper part of this range, for example 800 to 1000* C are 
preferred. 

35 It is preferred but not essential to co-feed hydrogen gas. By so-doing the yields of and selectivltles to 
desirable products can be improved. It is also preferred but not essential to preheat the feed gas, a suitable 
temperature being in the range 300 to 500* C. 

In a preferred embodiment the present invention provides a process for the production of ethylene from 
ethane which process comprises contacting a mixture comprising ethane and oxygen in an ethane to 
40 oxygen molar ratio of 1.7 to 2.1 with a platinum- or palladium-containing monolith fixed bed catalyst. 

In addition to ethylene, small amounts of higher olefins, acetylenes, aromatics and carbon oxides, i.e. 
carbon monoxide and carbon dioxide are co-produced. 

The process of the invention will now be further illustrated by reference to the following Examples. 

45 

Example A - Preparation of Pt/cordierite monolith 

A cordierite monolith (ex CORNING) was soaked in a solution of [(NHaj+RlCla.HaO. After 2 weeks the Pt 
impregnated monolith was removed from the solution, allowed to drain and dried in air at 120 C. The 
50 platinum loading, as determined by X-ray Fluorescence Spectroscopy was about 0.1% w/w. 



Example 1 

The Pt-loaded monolith (approximately 38 mm diameter x 51 mm length) was placed at the bottom of a 
quartz, 51 mm diameter, reactor with a baffle placed beneath It. The baffle ensured that the incoming flow 
of feed gas became evenly distributed through all cells in the monolith. Ethane, oxygen, hydrogen and 
nitrogen were preheat of the feed gases was required to effect autothermal operation, substantial heat 
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generation being provided by the highly exothern,ic combustion of Mrogarvc»cygen. Details of the molar 
proportions of the feed, the flow rates and the results obtained are given .n Table 1. 

TABLE 1 
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Example 2 



,nto a 51 mm diameter quartz reactor was placed a catalyst in the form of P-iousiy calcined 

underTiISs sho^ in Tabte 2. Wso tabulated in Table 2 are the expenmenta. results. No soot 
25 formation was observed. 
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Example 3 

m the following example. 0.5% Pt^'d loaded alumina spheres (1.7 mm diameter) were placed into a 

! i« ;,mTL tert The catalyst was supported on a course silica sintered disc, 

quartz reactor <25 d'^J^^^ ^.^^^^^ ^^^^^ 

oJ::SZZZi:Z'Xfl^T;^^^^^ ^ cond^ons shown in «,e following 

nfrr^wi^s^^^^^^^^ 

basis. Minimal soot formation was observed. 
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Example 4 

m th. IMS ««npl.. M monolim „ g»» pl«»d k. a flusffi r««*r (25 mm dl»»»0 ««1 

basis. No soot formation was observed. 
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Claims 

1. A process for the production of a mono-olefin from a gaseous paraffinic hydrocarbon having at least 
tm carbon atoms or a mixture thereof which process comprises partially combusting a mixture of the 
hydrocarbon or hydrocarbons and a molecular oxygen-containing gas in contact with a catalyst capable of 
supporting combustion beyond the normal fuel rich limit of flammability. 

2. A process according to claim 1 wherein the catalyst is a supported platinum group metal or a mixture 
thereof. 

3. A process according to either claim 1 or claim 2 wherein the platinum group metal is either platinum 
cr palladium. 
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metal. 
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4. A process according to either claim 2 or claim3 wherein the support .s an alunn.na. 

5 A process according to claim 2 wherein the support is a monolith. 

6 A process according to claim 2 wherein the catalyst is platinum/gamma-alumina spheres. 

7 A process according to claim 2 wherein the catalyst is platinum/cordiente monolith. 

8 A process according to claim 5 wherein the catalyst is platinum/mullite monolith. 

a! A pISss according to daim 1 wherein the catalyst is a metallic gauze containing a platinum group 



?0. A process according to claim 1 wherein the gaseous paraffinic hydrocarbon is ethane, propane. 

butane or a mixture thereof. . . • 

11. A process according to claim 10 wherein the molecular oxygen-containing gas °^y9e"- 

12. A process according to claim 11 wherein the composition of the J^^^f '^,'2^,^^^^ 
/molecular oxygen-containing gas mixture is from 5.0 to 9.0 times the stoichiometnc ratio of hydrocarbon to 
oxygen for complete combustion to carbon dioxide and water. 

13 A process according to claim 1 wherein hydrogen is co-fed. , ^ ^ ^ 

14 A process according to claim 1 wherein the catalyst is in the form of a fixed bed. 

15. A pSess according to daim 1 wherein the mixture is partially combusted at a temperature m the 

'^Trj^ Iccolg to Claim 15 wherein the temperature is in the range from to lOOO' a 

17. A process for the production of ethylene from ethane which process compnses ~"tactng a mixtur^^ 
comprising ethane and oxygen in an ethane to oxygen molar ratio of 1.7 to 2.1 with a platinum -or 
palladium-containing monolith fixed bed catalyst 
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